[Abstract] Brain endothelial cells (BECs) form the integral component of the blood-brain barrier (BBB) which separates the systemic milieu from the brain parenchyma and protects the brain from pathogens and circulating factors. In order to study BEC biology, it was of particular interest to establish a method that enables researchers to investigate and understand the underlying molecular mechanisms regulating their function during homeostasis, aging and disease. Furthermore, due to the heterogeneity of the cerebrovasculature and different vessel types that comprise the BBB, it is of particular interest to isolate primary BECs for single cell analysis from various subregions of the brain, such as the neurogenic and highly vascularized hippocampus and to enrich for specific vessel types. In the past, approaches to isolate endothelial cells were dependent on transgenic mice and often resulted in insufficiently pure cell populations and poor yield. This protocol describes a technique that allows singlecell isolation of highly pure brain endothelial cell populations using fluorescence activated cell sorting (FACS). Briefly, after perfusion and careful removal of the meninges, and dissection of the cortex/hippocampus, the brain tissue is mechanically homogenized and enzymatically digested resulting 
and the brain-resident immune cells. The BBB not only limits the passage of ions and other molecules such as glucose but also prevents the uncontrolled exchange of toxins, bacteria, viruses and cells between the blood and the brain parenchyma (Abbott et al., 2010) . Nutrient-rich, oxygenated blood is pumped into the brain through cerebral arterial BECs (arteries and arterioles), which are protected and supported by smooth muscle cells (SMCs) that cover the endothelium and form a basement membrane layered by astrocytic end-feet of the brain parenchyma ( Figure 1 ). The blood is transferred to highly specialized capillaries, which are comprised of BECs that form unique tight junctions and are wrapped by pericytes (Peric.) within the endothelial basement membrane, which is then covered by astrocytic end-feet. BBB capillaries are the site of controlled transport of fluids and solutes into the CNS. Immunosurveillance and occasional extravasation of leukocytes (Leuk.) into the CNS parenchyma occurs at the level of postcapillary venous cells (venules and veins) the vascular segments into which blood flows after passing through the capillaries. Postcapillary Venules contain enlarged perivascular space between the endothelial and astrocytic basement membranes where occasional immune cells can reside (Banks, 2016; Engelhardt et al., 2017) .
The outlined fluorescent activated cell sorting (FACS) single cell isolation method is based on previously described procedure for BEC isolation (Tam et al., 2012) , that have been further developed and modified in context of a study aiming to determine molecular changes occurring in brain endothelial cells during aging and exposure to aged blood . A schematic of the FACS procedure for BEC isolation and an example of cell gating are shown in Figure 2 . Aging results in the upregulation of chronic inflammatory processes involving endothelial cell activation that contributes to reduced neural precursor cell activity and increased neuroinflammation in the aging brain . The technique was successfully applied in a collaborative effort to investigating the effects of an aged systemic milieu on hippocampal neurogenesis and microglia activation . The study highlights the role of the vascular cell adhesion molecule 1 (VCAM1) as a negative regulator of adult neurogenesis and inducer of microglial activity. VCAM1 is only expressed in a very small subpopulation of cells under baseline conditions and thus, was not sufficiently immunolabeled using conventional twostep antibody staining to perform FACS analysis. To that end, mice were stimulated systemically with Lipopolysaccharide (LPS) from Salmonella typhimurium to increase VCAM1 expression. The mice were then retro-orbitally injected with fluorescently labeled anti-mouse VCAM1, which resulted in a reliable detection of the VCAM1 positive brain endothelial cell subpopulation. The CD31 + VCAM1
+ BECs in LPSstimulated mice could be used to set positive and negative gates in the flow sorter to quantitatively assess CD31 + VCAM1 + expression in normal young and aged mice, or young mice treated with young or aged plasma and to isolate this rare subpopulation ; Figure 3 ). Additionally, VCAM1 is enriched in arterial and venous BECs and can be used to enrich and study these two vessel segmental populations (Vanlandewijck et al., 2018; Yousef et al., 2018) .
In the last decade, several protocols for brain endothelial cell isolation have been employed, which tend to use transgenic endothelial cells labeled with fluorescent proteins such as GFP (Daneman et al., 2010; Vanlandewijck et al., 2018) . Because these techniques are dependent on transgenic endothelial cell markers, they may not easily be applied to diseased or normal aged mouse models. This protocol allows the isolation of highly pure brain endothelial cell population from any mouse strain or murine animal model using papain-based enzymatic digestion using the commercial neural dissociation kit (MACS Miltenyi Biotec, Miltenyi). www.bio-protocol.org/e3091 Kit (NDK) + 9 μl of 2-Mercaptoethanol (BME) + 50 μl Enzyme P from NDK in 15 ml Falcon tubes in a 37 °C water bath.
2. Remove meninges by rolling whole brain on Whatman paper.
3. Dissect hippocampus, cortex, and remainder of the brain using microscissors and forceps in a sterile plate. Separate individual tissues and roughly chop into fine bits using a razor blade.
Chop the brain segments to such a degree that you can pass the minced tissue through a trimmed, 1 ml pipettor (trimmed meaning the very tip is cut off to increase the diameter of the hole so that minced tissue can get through), but not so chopped that it becomes very mushy and could go through an untrimmed 1 ml pipettor. If the brain is too minced, it might be overly digested in the enzyme mixture in subsequent steps leading to cell loss.
Alternatively, if isolating the hippocampus or other very small brain regions separately, it is not
necessary to mince in a sterile plate. Rather, transfer each dissected small tissue using sterile forceps into 1.5 ml Eppendorf tubes with 0.5 ml of Buffer X from NDK and chop finely with microscissors.
5. Using a trimmed 1 ml tip (trimmed meaning the very tip is cut off to slightly increase the diameter of the hole), transfer finely chopped samples to the preheated Buffer X solution prepared in Step Resuspend pellet in 1 ml 0.9 M Sucrose before further adding another 2 ml of Sucrose.
Centrifuge at 850 x g for 15 min. Discard supernatant without disturbing the pellet.
Resuspend the pellet in 2 ml FACS buffer, transfer to a 2 ml Eppendorf tube. C. FACS and sample collection 1. Run unstained cells to set up forward (FSC-A) and side scatter (SSC-A) ( Figure 2B ).
2. Run single-color controls to set FACS parameters and compensate for channel spillover. 
